A 1,197-bp region of the broad-host-range plasmid pCUl is adequate for its replication. Analysis of replicating molecules containing this region reveals three clustered origins of vegetative replication and replication proceeds bidirectionally from each in a theta mode. In an Escherichia coli polymerase I deletion mutant, utilization of one of these three origins was not detected. The potentiality for origin utilization may therefore be a determinant of replicon host range.
therefore be a determinant of replicon host range.
Some groups of plasmids of gram-negative eubacteria are promiscuous relative to other groups (33) . Plasmids of the IncN (incompatibility) group are promiscuous and pCUl is a member of this group (11). A PvuII fragment of about 2 kb contains the basic replicon, the sequence features of which have been previously described (20) and are now extended here (see Fig. 1 ). Previously, a small deletion derivative of pCUl that contained this PvuII fragment was shown to retain the ability to replicate in most hosts (19) . Promiscuity is therefore likely to be an attribute of this basic 2-kb replicon. This replicon has another interesting property: although replication and replicon maintenance can occur in vivo in an Escherichia coli poU deletion mutant, two replicon mutants became dependent on functional poLA, implying the presence of alternative pathways of replication and that E. coli polymerase I is essential for only one of the pathways (18) . IncN incompatibility was expressed both by the wild-type replicon and the mutants that had becomepolU dependent (17) .
The purpose of this study was to identify the origin(s) of vegetative replication in this replicon and to ascertain whether origin usage is distinguishable in the presence or absence of functionalpolA. An unexpected result has been the identification of three clustered but distinguishable origins, only two of which are utilized in the poU deletion mutant. These observations are described in this communication, and the results are discussed in the context of plasmid promiscuity.
Previously, Krishnan (17) and Narang (26) independently showed that deletions can be made within the 2-kb basic replicon without affecting its ability to replicate. Further deletion analysis of the replicon indicated that all determinants of replication are contained between nucleotides (nt) 195 and 1391 (Fig. 1) . The construction of this derivative, pCU996Ql, will be described in detail elsewhere. pCU996fQ contains the segment of DNA (shown as the thickest bar in the pCU996Q1 map in Fig. 1 ) linked to the fl fragment described by Prentki and Kirsch (28) that confers resistance * Corresponding author.
to spectinomycin and streptomycin. pCU996fQ was constructed in E. coli HB101 and then transformed into the nearly isogenic pair of strains SR1758 (also called CM4722) [A(gal bio) thi-J relA1 spoTI] (13, 32) and SR1672 (also called CJ261) [4poU A(gal bio) thi-1 relAl spoTI Kanr] (13, 32). pCU996Q1 was maintained stably in both of these strains when grown for at least 100 generations in Luria broth (without antibiotics) at 37°C at cell densities maintained in the range of 102 to 108/ml by serial transfers.
Plasmid DNA was isolated from exponentially growing Luria broth (25) cultures of each strain growing at 37°C by using the method of Clewell and Helinski (3) as modified by Martin-Paras et al. (23) . To enrich for replicating molecules, the extracted DNA was electrophoresed in a low-meltingpoint agarose gel. As shown in Fig. 2 , bands of dissimilar intensities and mobilities were identified. From each of four slab gels, the areas of each of the four separate bands were first cut out. The DNA from the bands was extracted with an equal volume of Tris-equilibrated phenol, extracted with chloroform-isoamyl alcohol (24:1), and then precipitated with ethanol. Each sample was then treated with SphI (an enzyme for which there is a unique site on the fl fragment asymmetrically disposed with respect to the replicon [ Fig.  1] ) and electrophoresed in 1% agarose gels, using 1-kb ladder fragments as molecular size standards. In all four samples, a linear fragment band consistent with the expected migration of pCU996fQ was observed. However, when used for electron microscopy, bands A and B (Fig. 2) were observed to be enriched for replicating molecules. Similar observations have been made previously (2). Thus, the procedure we describe has not required the use of radioisotopes.
The bands of replicating plasmid DNA extracted from each strain and linearized with SphI were purified by the phenol and chloroform extractions, suspended in TE buffer (Tris-EDTA buffer) (30) , and used for subsequent electron microscopic analysis. Samples for electron microscopy were prepared as described by Ferguson and Davis (8). Formvarcoated grids (400 mesh) were allowed to touch the cytochrome-DNA monolayer, and the replicating molecules were stained with uranyl acetate and shadowed with plati- The black area in the large circle shows the location of the minireplicon region on the pCUl map. The region was excised as a 1.2-kb Narl (N) fragment, and the termini were converted to EcoRI (E) sites and linked to the EcoRI termini of the 2.0-kb fQ fragment (that confers resistance to spectinomycin and streptomycin) to yield pCU996S2. The thickest bar in the pCU996Q1 map indicates the sequences from the basic replicon (nt 1 to 2053 bounded by PvuII [P] sites) present in pCU996fl. The boxed areas (oriB, oHiS, and oriV) are the three origin regions. Symbols above the expanded map of pCU996fl indicate sequences that are similar to the E. coli DnaA protein-binding sequence (dA), bacteriophage A integration host factor protein-binding sequence (IHF), single-strand initiation signal (Ssi), and GATC sequences that can be methylated by the E. coli dam-encoded methylase. The SphI site that was used to linearize the plasmid DNA molecules is in the fl cassette. The sequence features above the minireplicon (nt 195 to 1391) have been described (17) . The boxes below the thick bar at the bottom of the figure are the oniB, oniS, and oniV regions, as defined by the electron microscopic analysis (+158 nt), with the stars indicating the positions at which replicating branches meet (see Fig. 4 ). For oriB, this position is shown closer to nt 195, as the pCU1 replicon in pCU996fl begins at nt 195.
The photograph of the heads of Brahma (B), Shiva (S), and Vishu (V) is a sculpture within the ancient caves on Elephanta Island off the coast of Bombay, India (16). num-palladium. Micrographs were taken with a Philips EM201 microscope at a magnification of x45,000, and the replicating molecules were traced and measured for statistical and branch-point analyses, as described by Wickner and Chattoraj (34) . Molecules of pUC18 were visualized on a separate grid as a control.
This analysis has revealed three clustered but spatially distinguishable origin regions within about 1.0 kb. All three exhibit theta modes of replication. We call this triumvirate of closely spaced origins, oniB (Brahma), oriS (Shiva), and oniV (Vishnu) in deference to an ancient trinity (16, 29) . In the electron micrograph, the majority of molecules had two branches, as one would expect if a replication fork extended beyond the SphI site (Fig. 3) . A minority had single replication bubbles (Fig. 3) . Molecules with more than a single bubble were not detected. In branched molecules, replication starting at one origin could have extended into another origin and beyond. To avoid ambiguity resulting from this possibility, only molecules with replicating bubbles have been used to infer the positions of oiB, oniS, and oniV and the directions of replication from these three origins. Measurements were made from the end of each molecule to each of the branches in a bubble. Diagrams of the molecules were then aligned on a histogram to have the shortest unreplicated arm on the left. When molecules with origins assigned to onB and oniS or to oniV and oniS were pooled and subjected to regression analyses, lines as in Fig. 4 did not meet at the ordinate (0% replication), indicating ambiguity in selection.
There was no such ambiguity when molecules assigned to oriB, oniS, and oriVwere treated separately (Fig. 4) 4 and 5 show the results for the PolA+ strain and the PoIA deletion strain, respectively. Table 1 shows the probability of utilization of the respective origin in each strain. Three origins are utilized in the PoIA+ strain, with oriB the most frequently used (about 0.5 or 50%) and oriV the least frequently used (about 0.2 or 20%). Replication proceeds bidirectionally from all three origins in a theta mode, although the movement of the replicating fork in one direction from oriV appears slower than that in the other direction. However, replication molecules using oriVin another PolA+ strain, CSH26A.F6 (12) did not show this asymmetry (data not shown). We have chosen to present the data for SR1758 (also called CM4722), as it is the strain that is isogenic to ApoU strain SR1672 (also called CJ261). The oriB and oriS regions ( Fig. 1) have sequences that are similar (75 to 100%) to DNA sequences known to bind to the bacteriophage X integration host factor (IHF) (9, 27) and E. coli DnaA protein (1, 15). oniV has a site for single-strand DNA initiation. It also has GATC sites known to be methylated (17, 20) .
Previous experiments (17, 20) have indirectly suggested the existence of an origin between nt 947 to 1315, a region which would include onS or oriVbut not onrB, as defined by electron microscopy here. E. coli mutants deficient in the IHF protein (Him-or Hip-mutants) are transformed very inefficiently (1,000-fold less than the nearly isogenic IHF+ strain) by plasmid pCU996fQ, which indicates that the function of any of these three origins requires this DNA-bending protein (21) . It has previously (20) been shown that the basic plasmid replicon is dnaA dependent.
Conclusions about the presence and positions of three replication origins were confirmed by using the other PoLA+ strain, CSH26A.F6 (12). Analysis of replicating plasmid DNA molecules isolated from the poLA deletion mutant showed that in this strain, oniV is inactive (Table 1) (20, 26) . There are also mutants for which the absence of a plasmid-specific polypeptide was correlated with a change of the replicon from poL4 independence to dependence. The observations reported here will need to be extended to such situations. In the context of replicon promiscuity, it would also be of interest to study origin usage in this replicon when it is maintained in E. coli mutants with alterations in other host functions related to DNA replication and in species other than E. coli. Replication of the nonconjugative plasmid RSF1010 in EscheolA+ strain (Fig. 5) 
